Catalysis by Escherichia coli ribonuclease HI is facilitated by a phosphate group of the substrate.
To investigate the role of the phosphate group 3' to the scissile phosphodiester bond of the substrate in the catalytic mechanism of Escherichia coli ribonuclease HI (RNase HI), we have used modified RNA-DNA hybrid substrates carrying a phosphorothioate substitution at this position or lacking this phosphate group for the cleavage reaction. Kinetic parameters of the H124A mutant enzyme, in which His(124) was substituted with Ala, as well as those of the wild-type RNase HI, were determined. Substitution of the pro-R(p)-oxygen of the phosphate group 3' to the scissile phosphodiester bond of the substrate with sulfur reduced the k(cat) value of the wild-type RNase HI by 6.9-fold and that of the H124A mutant enzyme by only 1. 9-fold. In contrast, substitution of the pro-S(p)-oxygen of the phosphate group at this position with sulfur had little effect on the k(cat) value of the wild-type and H124A mutant enzymes. The results obtained for the substrate lacking this phosphate group were consistent with those obtained for the substrates with the phosphorothioate substitutions. In addition, a severalfold increase in the K(m) value was observed by the substitution of the pro-R(p)-oxygen of the substrate with sulfur or by the substitution of His(124) of the enzyme with Ala, suggesting that a hydrogen bond is formed between the pro-R(p)-oxygen and His(124). These results allow us to propose that the pro-R(p)-oxygen contributes to orient His(124) to the best position for the catalytic function through the formation of a hydrogen bond.